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1.0 SUMMARY 

A high-speed wind tunne l  test w a s  conducted i n  t h e  NASA Ames l l - f o o t  wind 

tunne l  i n  support  of t h e  NASA Refan Program i n  o rde r  t o  assess t h e  performance 

a s p e c t s  of i n s t a l l i n g  a l a r g e r  refan-engine n a c e l l e  on t h e  DC-9-30. The test  

w a s  prompted by t h e  f a c t  t h a t  t h e  r e fan  n a c e l l e  is  about 22-percent l a r g e r  i n  

diameter  relative t o  t h e  product ion n a c e l l e  and, i f  t h e  c u r r e n t  pylon w e r e  

used,  t h e  increased  span of t h e  nace l l e  and pylon could decrease  low-speed 

d e e p - s t a l l  recovery margin. One of the ways t o  minimize t h i s  e f f e c t  is  t o  

i n s t a l l  t h e  n a c e l l e  c l o s e r  t o  the  fuse lage  wi th  a pylon of s h o r t e r  span,  b u t  

t h i s  would in t roduce  a p o t e n t i a l  i n t e r f e r e n c e  drag problem a t  c r u i s e  speeds.  

The purpose of t h i s  test  w a s  t o  examine t h e  e f f e c t  of t h e  l a r g e r  n a c e l l e  and 

of t h e  nace l le - fuse lage  lateral  spacing on c r u i s e  drag. 

Analysis  of t h e  r e s u l t s  from t h e  test l e a d s  t o  t h e  fol lowing conclusions:  

1. A t  t h e  lower Mach numbers (Mo < 0.7), t h e  drag increment of  t h e  r e f a n  

i n s t a l l a t i o n  relative t o  the  product ion n a c e l l e  and pylon i n s t a l l a t i o n  

is  equal  t o  t h a t  ca l cu la t ed  by cons ider ing  only t h e  wet ted area and 

form f a c t o r  changes. 

2. A t  t y p i c a l  c r u i s e  Mach numbers (Mo = 0.78) t h e r e  e x i s t s  a favorable  

i n t e r f e r e n c e  drag  relative t o  t h e  c a l c u l a t e d  d i f f e r e n c e  between t h e  

r e f a n  and product ion i n s t a l l a t i o n s .  

of t o t a l  a i r p l a n e  drag f o r  the S e r i e s  30 i n s t a l l a t i o n .  

favorable  e f f e c t  t o  t h e  f u l l - s c a l e  i n s t a l l a t i o n ,  where t h e  s k i n  

f r i c t i o n  pena l ty  due t o  t h e  l a r g e r  n a c e l l e  amounts t o  about 2-percent 

of t o t a l  a i r p l a n e  drag,  would r e s u l t  i n  t he  r e f a n  n a c e l l e  being 

i n s t a l l e d  without  any drag penal ty .  

This  amounts t o  about 2-percent 

Applying t h i s  

3. This  favorable  e f f e c t  most l i k e l y  occurs  because t h e  p o s i t i v e  

p re s su res  on t h e  stream tube e n t e r i n g  t h e  engine suppress  t h e  wing 

upper-surface v e l o c i t i e s ,  thereby moving t h e  wing shock forward and 

reducing t h e  Mach number a t  t h e  shock wi th  subsequent r educ t ion  i n  

wing compress ib i l i t y  drag ( the  stream tube is l a r g e r  and loca ted  

f a r t h e r  forward wi th  the  r e fan  i n s t a l l a t i o n ) .  This  e f f e c t  would be  

expected t o  be even l a r g e r  f o r  a S e r i e s  10 a i r p l a n e  ( i n l e t  l oca t ed  

c l o s e r  t o  wing),  bu t  s l i g h t l y  less f o r  a Series 40 ( i n l e t  l oca t ed  

f a r t h e r  a f t  of wing). 



4 .  

5. 

There is little effect of pylon span on the incremental drag of the 

refan installation. The incremental drags for the 5.2- and 11.0-inch 
span pylons are about the same while the 16.7-inch span pylon is about 

one drag count (AC, = 0.0001) less at 0.78 Mach number. 

The nacelle/pylon/fuselage channel does not exhibit any excess 

supervelocities or lack of recompression. The refan inlet is long 

enough to prevent superposition of the cowl- and pylon-peak pressure 

coefficients. 

This test was made in conjunction with a low-speed test in the NASA Ames 12-foot 
Facility to examine the effects of the larger nacelle on deep-stall recovery. 

The results of the low-speed test are summarized in a separate report. 
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2.0 INTRODUCTION 

The aft fuselage-mounted engine installation on the DC-9 is similar to other 

installations of this type. 

developed with major consideration given to the effects on (1) cruise drag, 
(2) deep stall recovery, (3)  minimum control speeds and ( 4 )  nacelle/pylon 

accessibility. 

that is, there is little or no excess drag due to sonic velocities (wave drag) 

or excess adverse pressure gradients (pressure drag). 

and pylon drag, therefore, consists almost entirely of basic skin friction and 

form drag. 

The particular geometry used on the DC-9 was 

The present installation is essentially interference-drag free, 

The installed nacelle 

While it would be desirable to install the larger-diameter refan nacelle on the 
existing pylon, this would increase the span of the nacelle/pylon combination, 
thus creating a potential low-speed deep-stall problem. With aft-fuselage 

mounted nacelles there exists what is called a deep stall region where the 

wake from the nacelles and pylons can blanket the horizontal tail and reduce 
its effectiveness and therefore reduce nose down pitch control. While this 
happens well beyond the stall, and outside the normal operating regime, it has 

been the position of the Douglas Company to provide positive aerodynamic 

recovery and not rely on mechanical devices to prevent deep stall entry. This 
phenomenon is illustrated in the sketch below. 

NOSE UP 
PITCH 

NOSE 
DOWN 
PITCH 

OF 

'TRIMMED '\\ ' DEEP STALL 
REGION 

f '  
STALL 
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With the larger nacelle diameter associated with the refan engine (=22 percent), 

there was a concern that the increased span of the nacelle and pylon would 
further reduce the tail effectiveness and decrease or negate the existing 

recovery margin. 
closer to the fuselage using a pylon of shorter span. 
that with some reduction in pylon accessibility the 11.5-inch increase in 

nacelle diameter could all be offset by a shorter-span pylon, thereby keeping 

the outer nacelle line the same as the existing nacelle. This would require 
reducing the channel width from 16.7 to 5.2 inches. 

shows the change in channel area distribution with the snugged-in nacelle. 

A way of reducing the span would be to position the nacelle 
Initial studies showed 

The following sketch 

Q' 
REFAN REFAN "' PRODUCTION 

/ 

NACELLE STATION 

With the refan installation there is more channel area convergence and 
divergence. 

drag at cruise speeds. 

increased adverse pressure gradients in the channel area. The result of these 

increased gradients would be thickening of the nacelle/fuselage/pylon boundary 

layer with consequent drag increase due to momentum loss and possibly boundary 
layer separation. 

velocities in the channel become supersonic. 
drag and possible shock-induced boundary layer separation. 

This was a concern because of the possibility of interference 
The higher degree of channel divergence could lead to 

A second source of interference drag may occur if the 
This can result in shock wave 

In order to investigate the potential interference drag problem a high-speed 

wind tunnel test was conducted during January 1973 in the NASA Ames 11-foot 
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wind tunnel. 
of the refan nacelle installation as a function of nacelle lateral spacing. 

Channel spacings from 16.7 inches (existing) to 5.2 inches were examined. 

The purpose of this test was to determine the incremental drag 

The pertinent test results are analyzed and discussed in this report. The 

results from this test were incorporated in the selection of the pylon spacings 

tested in a low-speed test at the NASA Ames 12-foot wind tunnel to investigate 

the deep-stall recovery aspects of the refan installation. The results of that 

test are reported in Reference 1. 
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3 . 0  SYMBOLS 

A 

min A 

b/2  

C 

cD 

cL 

C 
P 

‘i 

L 

ML 

pL 

0 
M 

0 
P 

q0 

sW 

X 

Y 

Ratio of local channel cross-sectional area to minimum value 

Wing semi-span normal to plane of symmetry 

Wing chord at location of pressure orifices, inches 

Airplane drag coefficient, Drag/qoSw 

Incremental drag coefficient 

Airplane lift coefficient, Lift/qoSw 

pL - 
q0 

Pressure coefficient, 

Inlet length (from engine face), inches 

Nozzle length, inches 

Nozzle length-to-height ratio 

Local Mach number 

Freestream Mach number 

Local static pressure, psf 

Freestream static pressure, psf 

Freestream dynamic pressure, 0.7 PoMo , psf 

Wing reference area, sq ft 

Distance from wing leading edge, inches 

Pylon span, inches 

2 
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4.0 APPARATUS AND TESTS 

4.1 MODEL DESCRIPTION 

4.1.1 Basic Model 

The model is a 6-percent scale representation of the DC-9-30 and is designated 

LB-15I.M. A three-view drawing of the DC-9-30 with the refan-engine nacelle is 
shown in Figure 1. The model was tested with the horizontal and vertical tail 
removed. The fuselage, wing, and production nacelles and pylons have been 
previously tested in the Ames Facility. 

fabricated for this test program. 

The refan nacelles and pylons were 

4.1.2 Nacelle Geometry 
Because of the larger fan diameter of the JT8D refan engine (higher bypass 

ratio), the nacelle required to enclose the engine and accessories is also 
larger. 

nacelle (=22 percent). 
on the intermediate treatment level shown in the first-submittal NAID document 
(Reference 2). The refan nacelle geometry has the following characteristics: 

The planform diameter is about 11.5 inches larger than the existing 
The nacelle geometry simulated for this test is based 

1. The inlet length from the engine face to the highlight is 43.0 inches. 

2. The maximum nacelle diameter is 64.0 inches (plan view). 

3. The nozzle L/H is 4.30 (L = 75.0 inches). 

4. The overall nacelle length is 253.0 inches. 

5. The nacelle is of long duct design very similar in overall appearance 

to the existing production nacelle. 

6. The stang fairings required to enclose the thrust reverser operating 

linkage are simulated. 

7. The afterbody boattail angle is 13.0 degrees. 

A dimensional sketch of the refan nacelle compared to the baseline nacelle is 

presented in Figure 2. 

4.1.3 Nacelle Installation Comparison 
The installation of the refan nacelle compared to the production nacelle is 

shown in Figure 3. The pylon incidence is the same for both installations. 
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The inlet leading edge (highlight) is located 30 inches further forward and 

the nozzle is located 21.5 inches further aft. The model provided for three 

nacelle/pylon spacings described below: 

1. P16, y = 16.7 inches - existing production pylon with the inside 
refan nacelle line coincident with the existing nacelle line. 

2. P14, y = 5.2 inches - stub pylon with the outside refan nacelle line 
coincident with the existing nacelle line. The planform span of the 
refan nacelle and pylon is the same as the production installation. 

3. P15, y = 11.0 inches - intermediate spacing to account for the 
possibility that (1) the 5.2-inch pylon causes an excessive drag 
penalty or (2) due to accessibility constraints the 5.2-inch pylon 
is not possible to build. 

4.2 TEST APPARATUS 

4.2.1 Facility and Model Installation 

The NASA Ames Research Center 11- by 11-foot continuous-flow, variable-density 
transonic wind tunnel was used for this test program. 

The model installation is shown in Figure 4 .  

a blade sting that enters the top of the model forward of the wing-fuselage 
intersection. This allows the model to be tested free of interference from 
the conventional sting arrangement, since the area of interest is the fuselage 
afterbody and the surrounding components. The fuselage nose has been shortened 
133.3 inches (full scale) to achieve the proper boundary layer thickness at the 
nacelle location. 
i.n Figure 5. 

The fuselage is supported by 

A photo of the model installed in the wind tunnel is shown 

4.2.2 Instrumentation 

The model was equipped for measuring both force and pressure data. 
instrumentation consisted of a six-component internal balance, a six-valve 

scanivalve module, and a dangleometer angle-measuring device. This electronic 

equipment was used to measure the model forces, static pressures on the wing, 
fuselage, pylons, and nacelles, and to measure model angle of attack. 

The model 
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The model was mounted on the Task 2.5-inch diameter Mark XIA internal strain 

gage balance. The balance was installed backward, with respect to the model, 

in the DAC 5759797 blade sting assembly. 

the Ames straight adaptor, which was mounted on the Ames 40-inch extension 
which, in turn, was mounted on the pitch pod. 

fuselage center body is at a one degree angle to the fuselage reference plane 
such that, when the balance is at zero angle of attack, the model is at 

+1.0 degree angle of attack. 
primarily on the balance axial force beam when the model is at the cruise 

angle of attack. 

The blade sting was inserted into 

The balance cavity in the 

This allows the measurement of drag to be made 

The model was aligned in pitch by means of a machined surface beneath a cover 
plate on the fuselage center body in the area of constant cross-section. The 

model alignment in roll was checked by measurements from the wing tips to the 
tunnel floor. The angle-measuring device was mounted in the nose of the model 

and used for setting angle of attack. This equipment, along with the internal 

balance, was provided by NASA Ames. 

The pressure instrumentation details are shown in Figure 6. Static pressure 
orifices are located on the wing at two semispan locations (17 and 38 percent), 
and in the fuselage/pylon/nacelle upper and lower channels. The wing inboard 

row (17 percent) is inboard of the engine centerline and the outboard row 

(38 percent) is outboard of it. 

One row of static pressure orifices is located on the fuselage, nacelle, and 

pylon for both the upper and lower channels. 

to detect the effects of nacelle size-and-spacing changes on channel velocities 

and gradients. In addition, the lower-channel fuselage pressure orifices 
extend to the tail cone to examine the effects on fuselage afterbody 
recompression. 

Spacing is such to be sufficient 

4.3 TEST PROCEDURE AND DATA ACCURACY 
The test was conducted at a constant Reynolds number of 8 million per foot 

(5.9 x lo6 on the mean aerodynamic chord) through a Mach number range from 

11 



0.70 t o  0.82. The Reynolds numbers a t  Mach numbers of 0.50 and 0.60 were 

reduced t o  6 . 2  and 7.2 m i l l i o n  pe r  f o o t ,  r e s p e c t i v e l y ,  ( 4 . 6  and 5.3 x l o6  on 

mean aerodynamic chord) because of t h e  ope ra t ing  envelope of t h e  tunnel .  

Reynolds number w a s  he ld  t o  wi th in  - +100,000 and t h e  Mach number t o  w i t h i n  

- +0.002. 

increments over a range corresponding t o  l i f t  c o e f f i c i e n t  va lues  between 

zero  and 0.5. 

va lue .  Selected Mach numbers were repea ted  t o  ensure  t h e  v a l i d i t y  of t h e  da t a .  

The d a t a  r e p e a t a b i l i t y  w a s  e x c e l l e n t  throughout t h e  test  (CD repea ted  w i t h i n  

- +0.0001). The pressure  d a t a  were gathered a t  enough Mach numbers t o  provide 

t h e  necessary information f o r  understanding any p o t e n t i a l  i n t e r f e r e n c e  

problems. 

removed. 

The 

Angle of  a t t a c k  w a s  va r i ed  a t  each Mach number i n  one-half degree 

The angle  of a t t a c k  to l e rance  is  20.1 degrees  of t h e  ind ica t ed  

A l l  data were gathered wi th  the  h o r i z o n t a l  and v e r t i c a l  ta i ls  

12 



5.0 RESULTS AND DISCUSSION 

5.1 INCREMENTAL DRAG 

Figure 7 shows t h e  incremental  drag d i f f e rence  between t h e  r e f a n  i n s t a l l a t i o n  

and the  product ion i n s t a l l a t i o n .  Two pylon spans f o r  t h e  r e f a n  n a c e l l e  are 

shown (y = 16.7 inches  and y = 5.2 inches) .  The increment i s  shown ve r sus  

Mach number f o r  t h e  l i f t  c o e f f i c i e n t s  of o p e r a t i o n a l  i n t e r e s t  (0.25 - 0.4). 
It can be  seen  t h a t  f o r  t he  lower Mach numbers where t h e  a i r c r a f t  i s  f r e e  of 

compress ib i l i t y  e f f e c t s  (Mo < 0.7), the measured increment i s  about as 

es t imated  cons ider ing  only t h e  i n t e r n a l  and e x t e r n a l  s k i n  f r i c t i o n  and form 

drag of t h e  l a r g e r  flow-through nace l le .  For Mach numbers g r e a t e r  than  0.7 

t h e  increment is  less than t h e  estimate. This  t r end  is apparent  over t h e  

o p e r a t i o n a l  range of l i f t  c o e f f i c i e n t s .  A t  a t y p i c a l  c r u i s e  cond i t ion  of 

Mo = 0.78, CL = 0.35 the  favorable  e f f e c t  amounts t o  approximately 2-percent 

of t h e  a i r p l a n e  drag (ACD = 0.0005). 

pena l ty  (due only t o  increased  ex te rna l  wet ted area) for t h e  f u l l - s c a l e  

intermediate- t reatment  conf igu ra t ion  (Reference 2)  a t  f l i g h t  cond i t ions ,  which 

would s a y  t h a t  t h e  r e f a n  n a c e l l e  can be i n s t a l l e d  wi thout  paying a drag  pena l ty  

due t o  t h e  l a r g e r  nace l l e .  The f a c t  t h a t  Figure 7 s t i l l  shows a s m a l l  pena l ty  

f o r  t h e  r e f a n  n a c e l l e  a t  t h i s  condi t ion  i s  due t o  t h e  inc reased  s k i n  f r i c t i o n  

drag  a t  t h e  model Reynolds number and due t o  t h e  incremental  i n t e r n a l  drag of 

t h e  flow-through nace l l e .  

This  compares c l o s e l y  t o  t h e  c a l c u l a t e d  

Figure 8 shows t h a t  t h e r e  i s  l i t t l e  e f f e c t  of pylon spacing on t h e  drag 

increment.  

spac ings ,  and i s  s l i g h t l y  g r e a t e r  f o r  t h e  16.7-inch spacing (about one drag 

count ,  ACD = 0.0001). 

For Mo = 0.78 t h e  favorable  increment ex i s t s  f o r  a l l  t h r e e  pylon 

These r e s u l t s  r e q u i r e  examination of the p re s su re  d a t a  t o  understand the  

mechanism t h a t  caused t h i s  favorable  in t e r f e rence .  

5.2 WING PRESSURES 

The f a c t  t h a t  t h e  drag r educ t ion  is Mach number dependent i n d i c a t e s  t h a t  i t  

must be a r educ t ion  i n  compress ib i l i t y  drag.  

measured a t  two semi-span l o c a t i o n s  - 17-percent b /2  ( inboard of t h e  nacelle 

Wing s u r f a c e  p re s su res  were 
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l o c a t i o n ) ,  and 38-percent b / 2  (outboard of t h e  n a c e l l e  l o c a t i o n ) .  F igure  9 

shows the  upper-surface p re s su res  as a func t ion  of Mach number f o r  t h e  va r ious  

n a c e l l e  conf igura t ions  t e s t e d .  While only t h e  t y p i c a l  c r u i s e  l i f t  c o e f f i c i e n t  

(CL = 0.35) i s  shown, t h e  same gene ra l  t r ends  e x i s t  a t  o t h e r  l i f t  c o e f f i c i e n t s .  

F igure  9 

a gene ra l  suppression of t he  upper s u r f a c e  p re s su res  ( v e l o c i t i e s )  wi th  t h e  

r e f a n  i n s t a l l a t i o n  r e l a t i v e  t o  t h e  product ion i n s t a l l a t i o n .  A s  t h e  Mach 

number inc reases  beyond 0.7 t h i s  suppression lowers t h e  peak v e l o c i t i e s  ahead 

of t h e  shock wave and moves the  shock forward thereby reducing t h e  s t r e n g t h  of 

t h e  shock wave and hence the  wing compress ib i l i t y  drag. Note a l s o  from 

Figure  9 t h a t  t h e  i n f luence  of t h e  e n t e r i n g  stream tube  is  f e l t  cons iderably  

outboard i n d i c a t i n g  t h a t  i t  in f luences  t h e  shock over  a s i g n i f i c a n t  p o r t i o n  

of t h e  wing. 

shows t h a t  a t  t h e  lower Mach numbers (Mo = 0.5 shown) t h e r e  is  

The fol lowing ske tch  shows how t h e  i n l e t  can in f luence  t h e  wing 

REFAN 

- - -  PRODUCTION 
+ + + + + -  / - ~ _ _ - - - - - - -  

// -.------ 
\ -- _ _ ~ -  ___ 

-> ?_ POSITIVE PRESSURES ON 
ENTERING STREAMTUBE 

pres su res .  

approaches t h e  i n l e t  s i n c e  t h e  i n l e t  Mach number i s  less than  t h e  f r e e  stream 

Mach number. 

It is  these  p o s i t i v e  p re s su res  t h a t  e f f e c t  t h e  wing shock. 

f o r  t h e  r e f a n  nace l l e  is l a r g e r  i n  diameter (22 percen t )  and t h e  i n l e t  1s 

cons iderably  longer (30 inches)  r e l a t i v e  t o  t h e  product ion  n a c e l l e  which p l aces  

t h e  p o s i t i v e  pressures  c l o s e r  t o  t h e  wing where they  have a l a r g e r  i n f luence .  

Note from Figure 9 t h a t  t h e r e  i s  some in f luence  of t h e  b a s i c  n a c e l l e ,  bu t  much 

less than t h a t  f o r  t h e  r e f a n  nace l l e .  These r e s u l t s  are a l s o  s u b s t a n t i a t e d  

The stream tube of a i r  en te r ing  t h e  i n l e t  must slow down as i t  

This r e q u i r e s  p o s i t i v e  p re s su res  on t h e  e n t e r i n g  stream tube.  

The stream tube 
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by r e s u l t s  from a r ecen t  f l i g h t  test program f o r  another  DC-9 acous t ic -nace l le  

i n s t a l l a t i o n .  

S e r i e s  10 a i r c r a f t  which has  a shor t e r  fuse lage .  While t h e  n a c e l l e  w a s  no 

b igger  i n  diameter than  t h e  production nacelle t h e  i n l e t  w a s  c l o s e r  t o  t h e  

wing relative t o  t h e  r e fan  i n s t a l l a t i o n .  A favorable  i n t e r f e r e n c e  e f f e c t  with 

Mach number w a s  measured and w a s  very s imilar  i n  both magnitude and charac- 

t e r i s t ics  t o  t h a t  measured wi th  t h e  r e fan  i n s t a l l a t i o n .  

The i n l e t  w a s  longer  and t h e  program w a s  conducted on a 

The favorable  i n t e r f e r e n c e  would be expected t o  be l a r g e r  f o r  a S e r i e s  10 

a i r c r a f t  ( s h o r t e r  fu se l age  p l ac ing  the i n l e t  c l o s e r  t o  t h e  wing) and s l i g h t l y  

less f o r  a Series 40 a i r c r a f t  (longer fuse l age  p l ac ing  t h e  i n l e t  f a r t h e r  from 

the  wing). I n  a d d i t i o n ,  s i n c e  t h e  t e s t ed  conf igu ra t ion  w a s  based on a r inged  

i n l e t ,  i f  a longer  no-ring i n l e t  i s  s e l e c t e d  f o r  t h e  Phase 2 f l i g h t  test 

program t h e  ind ica t ed  improvement w i l l  probably be a l i t t l e  l a r g e r .  

5.3 NACELLE/PYLON/FUSELAGE CHANNEL PRESSURES 

Figures  10 and 11 show t h e  p re s su re  d i s t r i b u t i o n s  i n  t h e  lower- and upper- 

nace l l e /py lon / fuse l age  channels f o r  Mach numbers of  0.7 and 0.78. 

and fuse l age  p res su re  peaks a t  about s t a t i o n  900 (Figure 10 )  are due t o  t h e  

s p i l l a g e  around the  cowling. The cowling i s  designed t o  s p i l l  flow wi th  some 

s u p e r v e l o c i t i e s .  While t h e  peak v e l o c i t i e s  tend t o  be aggravated by t h e  c l o s e r  

spacing,  they are j u s t  s o n i c  a t  0.78 Mach number f o r  t h e  5.2-inch spac ing  and 

are subsonic  f o r  both t h e  11.0 and 16.7-inch spacings.  

The n a c e l l e  

The peak p res su res  on t h e  i n l e t  cowl are f a r  enough forward t h a t  they  do not  

add t o  t h e  peak p res su re  on t h e  pylon. 

For t h e  upper channel (Figure l l ) ,  t h e  leading-edge pylon p res su res  show l o c a l  

Mach numbers from 1.1 t o  1.2 a t  0.78 Mach number. 

v e l o c i t i e s  are very  loca l i zed .  

fu se l age  and n a c e l l e  a t  t h e  same s t a t i o n  are both subsonic.  Also no te  t h a t  

t h e  channel  recompressions are a l l  about t h e  same and g ive  no i n d i c a t i o n  of 

any sepa ra t ion .  The recompressions on t h e  a f t  fu se l age  were e s s e n t i a l l y  t h e  

same f o r  a l l  conf igu ra t ions  t e s t e d .  

f o r  @L = 0.35, t h e  p re s su re  d i s t r i b u t i o n s  f o r  o t h e r  l i f t  c o e f f i c i e n t s  of 

i n t e r e s t  show t h e  same genera l  trends.  

However, t h e s e  h igh  

Note t h a t  t h e  a jo in ing  v e l o c i t i e s  on t h e  

While Figures  1 0  and 11 are shown only 
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6.0 CONCLUSIONS 

From the results of a high-speed wind tunnel test conducted to assess the drag 

increments for installing a larger refan-engine nacelle installation on the 

DC-9-30 ,  the following conclusions are drawn: 

1. At the lower Mach numbers (Mo < 0.71, the drag increment of the refan 

installation relative to the production nacelle and pylon is equal t o  

that calculated by considering only wetted area and form factor 

changes. 

2. At typical cruise Mach number (Mo = 0.78) there exists a favorable 

interference drag relative to the calculated difference between the 

refan and production installations. This amounts to about 2-percent 
of total airplane drag for the Series 30. Applying this favorable 
effect to the full-scale installation, where the skin friction penalty 
due to the larger nacelle amounts to about 2-percent of total airplane 
drag, would result in the refan nacelle being installed without any 
drag penalty. 

3. This favorable effect occurs because the positive pressures on the 

stream tube entering the engine suppress the wing upper-surface 

velocities thereby moving the wing shock forward with subsequent 

reduction in wing compressibility drag (the stream tube is larger 

and located further forward with the refan installation). This effect 

would be expected to be larger for a Series 10 airplane (inlet located 

closer to wing) and slightly less for a Series 40 (inlet located 
farther aft of wing). 

4 .  There is little effect of pylon span on the incremental drag of the 

refan installation. The incremental drags for the 5.2- and 11.0-inch 

span pylons are about the same while the 16.7-inch pylon is about one 

drag count (ACD = 0.0001) less at 0.78 Mach number. 

5. The nacelle/pylon/fuselage channel does not exhibit any excess 

supervelocities or lack of recompression. The refan inlet is long 

enough to prevent superposition of the cowl- and pylon-peak pressure 

coefficients. 
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Figure 3 . -  Nacelle installation comparison. 
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